Diverse effects of heparin on mitogen-activated protein kinase-dependent signal transduction in vascular smooth muscle cells.
Proliferation of vascular smooth muscle cells (SMCs) is implicated in pathological events, including atherosclerosis and intimal hyperplasia following angioplasty. The glycosaminoglycan heparin is a growth inhibitor of SMCs in vitro and in vivo. The underlying mechanism, however, is still poorly understood. In the present study, we report that heparin inhibited the activation of the mitogen-activated protein kinase (MAPK) in baboon SMCs by serum but not by platelet-derived growth factor (PDGF). When fibroblast growth factor was used, heparin had a stimulatory effect on MAPK. The only MAPK-activating kinase found in SMCs was MAPK kinase (MAPKK)-1, although MAPKK-2 was present in comparable amounts. Activation of MAPKK-1 and DNA synthesis were affected by heparin in a similar fashion. Heparin does not appear to exert its effects through members of the protein kinase C family, which are downregulated by phorbol esters, because it was still capable of inhibiting MAPK/MAPKK-1 stimulation by FCS in phorbol ester-pretreated cells. The present findings support the conclusions that the effects of heparin depend on the nature of the mitogen and that heparin inhibits SMC proliferation by preventing activation of MAPKK-1.